General experimental
The reagents were purchased from Sigma-Aldrich, Merck (4-piperidone monohydrate hydrochloride), and Fluka (di-tert-butyl dicarbonate and NaBH4). TLC was performed using 0.25 mm precoated silica-gel plates (Merck 60 F254), detection by UV-abs at 254 nm. Flash chromatography was performed using the following silica gel: High purity grade (Merck Grade 9385), pore size 60 Å, 230-240 mesh particle size.
Analytical liquid chromatography was performed on a Waters system equipped with a waters 1525 gradient pump, 2998 Photodiode Array Detector, 2424 Evaporative Light Scattering Detector, SQD 2 Mass Detector and an Xbridge C18 column (4.6 x 50 mm, 3.5 µm). Flow rate 1.5 mL/min. A binary linear gradient of A/B 80:20 -> A/B 0:100 over 4 min followed by a hold time of 2 min was used. The mobile phases were comprised of A (95:5 H2O/ACN, 10 mM NH4OAc) and B (90:10 ACN/H2O, 10 mM NH4OAc). Preparative liquid chromatography was performed on a Waters system equipped with a 2535 quaternary gradient pump, 2998 Photodiode Array Detector, 2424 Evaporative Light Scattering Detector, SQD 2 Mass Detector and an xselect phenyl-hexyl column (19 x 250 mm, 5.0 µm). Flow rate 25 mL/min. A binary linear gradient of A/B 80:20 -> A/B 0:100 over 8 min followed by a hold time of 4 min was used. The mobile phases were comprised of A (95:5 H2O/ACN, 10 mM NH4OAc) and B (90:10 ACN/H2O, 10 mM NH4OAc). 1 H, 13 C-NMR spectra were recorded on a Varian Mercury 300/75.4 MHz instrument (25 °C in CDCl3). All NMR spectra were calibrated using CDCl3 as reference. 
Experimental

4-Piperidone-Boc (1)
4-Piperidone monohydrate hydrochloride (1053 mg, 6.8 mmol) was dissolved in a mixture of H2O/THF (1:1, 20 mL). To the solution NaOH (300 mg, 7.5 mmol) was added followed by the addition of di-tert-butyl dicarbonate (1495 mg, 6.8 mmol). The reaction mixture was left to react over weekend at room temperature. The reaction mixture was checked using TLC (1:1, EtOAc/Heptane) before being extracted using diethyl ether (3x20 mL). The organic phases were collected and washed with brine (30 mL) and H2O (30 mL) and dried using MgSO4 before evaporation of the solvents in vacuo leaving compound 1 as a white solid (1160 mg, 86% yield). 1 H-NMR (CDCl3, 300 MHz) δ: 3.69 (t, J = 6.6 Hz, 4H), 2.41 (t, J = 6.0 Hz, 4H), 1.46 (s, 9H).
13
C-NMR (CDCl3, 75.4 MHz) δ: 207.8, 154.6, 80.5, 43.1, 41.3, 28.5. t-Butyl 4-anilinopiperidine-1-carboxylate (2) Aniline (530 µL, 5.8 mmol) was dissolved in DCM (40 mL) at 0 °C. To the solution AcOH (332 µL, 5.8 mmol) was added dropwise followed by the addition of compound 1 (1160 mg, 5.8 mmol) in dichloromethane (DCM) (20 mL). Finally, Na(OAc)3BH (1480 mg, 7 mmol) was carefully added portion wise before bringing the reaction mixture to room temperature and letting it stir over night. The reaction mixture was monitored using TLC (1:1, EtOAc/Heptane). Once the reaction had finished MeOH (30 mL) was added to quench the reaction before the solution was transferred to a separation funnel and washed with NaHCO3 (aq) and brine. The organic phase was concentrated in vacuo and further purified by flash chromatography using a mobile phase system of EtOAc/Heptane (1:1). The fractions containing the product were accumulated and concentrated in vacuo to afford compound 2 (1022 mg, 63% yield (3) Compound 2 (1000 mg, 3.6 mmol) was together with diisopropylethylamine (DIPEA) (1.8 mL, 10.8 mmol) dissolved in DCM (30 mL) at 0 °C. Cyclopropanecarbonyl chloride (490 µL, 5.4 mmol) was added dropwise to the solution and the resulting reaction mixture was left to react overnight at room temperature. The reaction mixture was then transferred to a separation funnel and washed with water (20 mL), brine (20 mL) and NaHCO3 (aq) (0.1 M, 20 mL) subsequently. The organic phase was concentrated in vacuo and purified further by flash chromatography using a mobile phase system of EtOAc:Heptane (1:1). The fractions containing the product were gathered and concentrated in vacuo to afford compound 3 (1000 mg, 81%) as a yellow solid. 1 H-NMR (CDCl3, 300 MHz) δ: 7.50-7.37 (m, 3H), 7.16-7.13 (m, 2H), 4.73 (m, 4.75-4.70, 1H), 4.1 (d, J = 11.7 Hz, 2H), 2.76 (t, J = 12.9 Hz, 2H), 1.76 (d, J = 12.9 Hz, 2H), 1.37 (s, 9H), 1.24 (dd, J = 12.3, 4.8 Hz, 2H), 1.09-1.04 (m, 1H), 0.95 (dt, J = 6.9, 3.6Hz, 2H), 0.54 (dt, J = 11.1, 3.6 Hz, 2H). 13 C-NMR (CDCl3, 75.4 MHz) δ: 173.4, 154.7, 139.0, 130.7, 129.4, 128.4, 79.6, 52.1, 43.3, 30.6, 28.7, 13.3, 8.5 .
Norcyclopropylfentanyl (M1, 4)
Compound 3 (1000 mg, 2.9 mmol) was dissolved in DCM (25 mL). Trifluoroacetic acid (TFA) (5 mL) was added and the reaction mixture was left to stir for one hour at room temperature. Once the reaction had run its course the solvents were evaporated and water (30 mL) was added which was made basic (pH ~12) using NaOH. The water phase was then extracted using DCM (3x30 mL). The organic phases were collected and the solvents were evaporated in vacuo to afford the crude compound 4 (642 mg, 90% yield 155.8, 138.4, 130.5, 129.6, 129.51, 129.50, 128.5, 115.8, 59.7, 52.5, 51.7, 31.4, 29.2, 13.3, 8. 3-Hydroxyphenethyl alcohol (655 mg, 4.7 mmol) was dissolved in DCM (25 mL) prior to the addition of PPh3 (1350 mg, 5.17 mmol) and CBr4 (1870 mg, 5.64 mmol). The reaction was stirred at room temperature for two hours. The solvents were evaporated in vacuo before purification by flash chromatography using DCM as the mobile phase. The fractions containing the product was collected and the solvents were removed in vacuo to afford compound 6 (828 mg, 87% yield). Compound 6 was characterized by LC-MS alone before being used in the next step in the synthetic route.
3-Hydroxyphenethyl cyclopropylfentanyl (7) Compound 4 (75 mg, 0.31 mmol) and compound 6 (20 mg, 0.1 mmol) was dissolved in ACN (3 mL) and the reaction was stirred at 60 °C overnight. The reaction mixture was concentrated in vacuo before purification using preparative liquid-chromatography. The fractions containing compound 7 were collected and the solvents were removed in vacuo giving compound 7 (22.8 mg, 58% yield 
2-Hydroxyphenethyl cyclopropylfentanyl (8)
Compound 4 (30 mg, 0.12 mmol) and 2-methoxyphenethyl bromide (19 μL, 0.12 mmol) were dissolved in ACN (3 mL) before the addition of Cs2CO3 (83 mg, 0.24 mmol). The reaction was stirred at 60 °C over weekend. The reaction mixture was filtered and dissolved in dry DCM (5 mL). BBr3 (0.5 mL, 0.48 mmol) was added and the reaction mixture was stirred at room temperature under N2 (g) overnight. The reaction was quenched using MeOH before filtration and concentration in vacuo. The crude product was then purified using preparative liquidchromatography. The fractions containing compound 8 were collected and the solvents were removed in vacuo to afford compound 8 (15.8 mg, 36% yield 157.0, 138.8, 130.8, 130.5, 129.6, 128.6, 128,3, 127.5, 119.0, 117.5, 58.9, 53.4, 52.5, 31.4, 30.3, 13.4, 8.6 . ESIMS (M+H) + : Calcd. For C23H29N2O2 + : 365.22 Found; 365.94. β-Hydroxyphenethyl cyclopropylfentanyl (M11, 9)
Compound 4 (40 mg, 0.16 mmol) and phenacyl bromide (50 mg, 0.24 mmol) were dissolved in ACN (6 mL). Cs2CO3 (109 mg, 0.32 mmol) was added and the reaction mixture was stirred at 60 °C for two hours. The reaction mixture was filtered and the solvents were removed in vacuo before being dissolved in EtOH (7 mL) followed by the addition of NaBH4 (13.5 mg, 0.17 mmol). The reaction mixture was stirred for two hours at room temperature. The reaction mixture was then filtered, concentrated in vacuo and further purified using preparative liquidchromatography. The fractions containing compound 9 were collected and concentrated in vacuo resulting in compound 10 (41 mg, 71% yield) as a solid. 5, 141.9, 138.9, 130.6, 129.4, 128.5, 128.4, 127.6, 125.9, 68.9, 65.8, 54.9, 52.1, 51.4, 30.3, 30.0, 13.3, 8.5 . ESIMS (M+H) + : Calcd. For C23H29N2O2 + : 365.22 Found; 366.00.
3,4-Dihydroxyphenethyl cyclopropylfentanyl (M5, 10)
Compound 4 (40 mg, 0.16 mmol) and 3,4-dimethoxyphenethyl bromide (58 mg, 0.24 mmol) were dissolved in ACN (6 mL). Following addition of Cs2CO3 (100 mg, 0.32 mmol) the reaction was stirred at 60 °C overnight. The reaction mixture was upon completion filtered and the solvents were removed in vacuo before the crude product was dissolved in dry DCM (5 mL). BBr3 (0.96 mL, 0.96 mmol) was added and the reaction was stirred at room temperature under N2 (g) overnight. The reaction was then quenched using MeOH prior to filtration and removal of solvents in vacuo. As a final step of purification, preparative liquid-chromatography was used. The fractions containing compound 10 were collected and the solvents were removed using freeze drying to afford compound 10 (25 mg, 41% yield 173.6, 144.4, 143.5, 138.5, 130.5, 129.3, 128.5, 120.0, 115.2, 115.0, 60.0, 52.6, 51.6, 32.0, 28.9, 13.2, 8.5 (3-Hydroxy-4-methoxyphenyl)acetic acid (200 mg, 1.12 mmol) was dissolved in dry THF (10 mL). To the solution LiAlH4 (4 mL, 4 mmol) was added at 0 °C using an ice bath and the reaction mixture was left to stir overnight. The reaction was quenched using water and the pH was adjusted to approximately 6 before the solvents were evaporated. Ethyl acetate (10 mL) was then added to the dry reaction mixture followed by filtration of the resulting solution. The precipitate was removed, and the filtrate was added to a separation funnel and washed with water. The organic phase was concentrated resulting in crude compound 11 (172.2 mg, 91% yield 145.5, 131.8, 120.5, 115.4, 111.0, 63.7, 56.1, 38.5. 3-(2-Bromoethyl)-6-methoxyphenol (12 
3-Hydroxy-4-methoxyphenethyl cyclopropylfentanyl (M10, 13)
Compound 4 (99.5 mg, 0.41 mmol) and compound 12 (20 mg, 0.086 mmol) were dissolved in ACN (4 mL) and the reaction was stirred at 60 °C overnight. The reaction mixture was concentrated in vacuo before purification using preparative liquid-chromatography. The fractions containing compound 13 were collected and the solvents were removed in vacuo to afford compound 13 (28.4 mg, 83% yield). 3, 145.6, 145.1, 138.8, 132.9, 130.6, 129.2, 128.2, 119.8, 114.9, 110,7, 60.0, 55.9, 52.8, 52.1 32.5, 29.9, 13.2, 8.3 Homovanillic acid (209 mg, 1.12 mmol) was dissolved in anhydrous THF (10 mL). The solution was stirred and cooled to 0 °C before LiAlH4 (5.7 mL, 5.7 mmol) was added dropwise. The reaction was stirred at room temperature overnight. The reaction mixture was quenched with propanol and H2O. Ethyl acetate (10 mL) was then added to the mixture which was filtered and washed with MeOH. The precipitate was dissolved in water and the pH was adjusted to 5-6 using HCl (1 M). The solution was then extracted with DCM (2x20 mL). The organic phases were combined, dried using MgSO4 and filtered before the solvents were evaporated in vacuo to afford the alcohol.
